Abstract: Pentachlorophenol (PCP) was widely used as a wood preservative in Germany until 1989, when it was prohibited by law. Within a cross-sectional study we investigated the internal PCP exposure of painters and bricklayers between one year and four years after the ban. PCP was analysed in post-shift urine samples of 189 painters and 148 bricklayers by gas chromatography and electron capture detection (GC-ECD). The median PCP concentration in the urine of painters was 2.4 µ µ µ µ µg/g creatinine (range: 0.2-52 µ µ µ µ µg/g creatinine). For the bricklayers a range of 0.1-25 µ µ µ µ µg/g creatinine (median: 1.8 µ µ µ µ µg/g creatinine) was determined. The difference between both groups was statistically significant, pointing to a small additional uptake of PCP by the painters probably from an exposure to contaminated wood surfaces or residual PCP containing preservatives. The biomonitoring results for both groups coincided with background values of the general population at that time.
Pentachlorophenol (PCP) was widely used as a fungicide for the protection of wooden components and assemblies in the construction trade in Germany until the chemical was prohibited by law in 1989 1) . Despite of the long time interval passed since then, PCP is still regarded as a relevant environmental chemical due to its former widespread use and chemical persistency. The toxicity of PCP towards humans has been shown in several studies and summarised in reviews and monographs [1] [2] [3] [4] . These publications report on PCP absorption following inhalation, oral and dermal intake and the subsequent distribution of PCP in the tissues. Under steady-state conditions, the highest concentrations of PCP were found in the liver and kidneys of rats. Accumulation of the compound in specific tissues and organs of humans has not been described. The acute toxicity of PCP is a result of a decoupling mechanism during the oxidative phosphorylation. The onset of symptoms of acute poisoning correspond to PCP concentrations of 3-10 mg l -1 in urine or 40-80 mg l -1 in blood. Workplace studies have shown that early toxic effects of long-term exposure become apparent at concentrations between 300 and 4,000 µg PCP l -1 serum. In 1986, a biological tolerance value (German BAT) of 1,000 µg l -1 serum or 300 µg l -1 urine was set by the German Commission for the Investigation of Health Hazards of Chemical Compounds in the Work Area of the Deutsche Forschungsgemeinschaft (DFG). The BAT values, however, were replaced in 1992 by Exposure Equivalents for Carcinogenic Materials (German EKA) when PCP was classified as a category 2 compound by the DFG 5) . Liver cell tumours, phaeochromocytoma and haemangiosarcoma have been shown in one animal species (mouse). Toxic symptoms described in the literature include neurological disorders, an increase in the GLDH activity in serum, temporary renal dysfunction, dysfunction of the liver and adverse immunological findings. The frequent occurrence of skin disorders, especially of chloracne, has been ascribed to the effects of the dioxin and furan impurities. A causal relationship between occupational exposure to technical grade PCP and the increased incidence of Morbus Hodgkinson, non-Hodgkin's lymphomas, soft-tissue sarcomas and aplastic anaemia is discussed.
While the use of PCP as a wood preservative was stopped in 1989, it was likely that residual paint samples were still in use for some time. Additionally, PCP contaminated surfaces such as plankings or roof beams might still release the preservative, at least if the material is worked on. Thus, the analysis of urinary PCP was included as an additional aspect of a larger four-years study on the solvent exposure of painters and bricklayers (Nasterlack et al. 6) ). The aim of this study was to examine if PCP was still abundant in the work area of the workers and if occupational-medical limit values or environmental reference values were exceeded.
Within a cross-sectional study in painters to examine solvent related neuropsychological effects in the period from 1990 to 1993 6, 7) urine samples of 277 potentially PCP exposed construction painters were collected and the PCP concentration in these samples was determined. From the same study, urine samples of 203 bricklayers were analysed as controls. The participation of the workers was voluntary and the study was carried out in accordance with the Declaration of Helsinki of the World Medical Association.
The volunteers were interviewed about the frequency of occupational or private handling of wood preservatives as well as the use of respiratory protection masks during painting. Post-shift spot urine samples from all study participants were available for the biological monitoring. The samples were kept cold during the transport and stored at a temperature of -27°C. Under these conditions, the samples were stable for at least 12 months. The analyses during the study followed a method recommended by the Deutsche Forschungsgemeinschaft (DFG) 8) . Urinary PCP was released from its conjugates by means of acid hydrolysis. PCP was then extracted in toluene and methylated with dimethyl sulphate. The chromatographic separation was achieved by capillary gas chromatography, and the determination was carried out using an electron capture detector (GC/ECD). 2,4,6-Tribromophenol served as an internal standard. The limit of detection was 0.2 µg PCP l -1 urine. The precision and stability of the analyses throughout the study was ascertained by the use of reference material and quality control charts, and the accuracy of the determination was shown by successful participation in the German External Quality Assurance Scheme G-EQUAS 9, 10) . Urinary creatinine was used to adjust for diuretic variances. According to the recommendation of the Working Group 'Derivation of Threshold Values in Biological Materials' of the Deutsche Forschungsgemeinschaft (DFG), only samples with a creatinine concentration of more than 0.5 g l -1 and less than 2.5 g l -1 were analysed. A total of 189 urine specimens from painters and 148 samples from bricklayers were included in the PCP study. Table 1 presents the results of the occupational-medical anamnesis. Almost 40% of the painters reported an exposure to (assumedly PCP free) wood preservatives at least once a week, while only a few bricklayers stated an occasional contact to these materials. Less than 10% of the painters used protection masks during their work on a regular basis, at least once a week. In conclusion, the two study groups differed significantly with respect to the frequency of wood preservative exposure. Thus, it seems likely that the bricklayers were not exposed at all to these materials during their work, but rather from environmental sources as in the case of the general population. Most of the painters participated in the study within the first two years after the PCP ban in Germany. It was therefore considered at least possible that these persons were exposed to residual PCPcontaining preservatives.
The results of the biomonitoring are given in Table 2 . PCP was detected in more than 90% of the painters' samples (N = 173) and in more than 80% of the urine specimens of the bricklayers. The PCP concentration was significantly higher in the samples from the painters compared to the bricklayers (Mann-Whitney-U-test, p<0.05, median: 2.4 vs. 1.8 µg/g creatinine; 95. percentile: 21 vs. 13 µg/g creatinine; maximum: 52 vs. 25 µg/g creatinine). A view on the relative cumulative frequencies of the two groups (Fig. 1 ) reveals a lognormal distribution of the PCP values in both cases, and a more or less constant difference between them throughout the PCP concentration range. This observation supports the assumption of an additional but low PCP exposure of the painters compared to the bricklayers, probably due to a more frequent work with wood preservatives and contaminated construction materials, in example during renovation. No influence of the frequency of wood preservative handling, respiratory protection masks and year of study participation on the results of the biological monitoring was observed (Spearman's rank correlation, p>0.05). The biomonitoring results thus point to a pronounced role of environmental PCP uptake compared to the possible occupational exposure. The difference between the PCP results of the two study groups was small but significant, indicating an influence of the handling of contaminated material on the PCP uptake of the painters. In this context it might also be considered that the additional exposure of the painters could originate i.e. from private renovation activities.
From the occupational-medical point of view, this additional exposure is rather low. Before PCP was banned in Germany, an Occupational Exposure Limit of 50 µg m ). The maximum PCP concentration in the painters group was 52 µg g -1 creatinine, accounting for 20% of the EKA value, while the medians in both study subgroups corresponded to about 1% of the EKA.
Compared to background exposure levels in the average population, only 24 painters and 7 bricklayers showed urinary PCP concentrations above 13 µg g -1 creatinine. This reference value was set by the 'Human Biomonitoring Commission' of the German Federal Agency for Environment (Umweltbundesamt) and was derived from a larger environmental survey in 1991. It excludes occupational exposure to PCP and represents the 95. percentile of the urinary PCP concentration 12) . In Germany, the individual health hazard related to an internal PCP exposure is evaluated in connection with two 'Human Biomonitoring Values' (HBM). The first value (socalled HBM-I) for urinary PCP of 20 µg PCP g -1 creatinine is an alert value. Control measurements and examination of possible exposure sources are recommended. The second value (HBM-II) of 30 µg PCP g -1 creatinine is an action level indicating that a reduction of the exposure and medical surveillance are needed.
Regarding the HBM-values, only one bricklayer exceeded the HBM-I level and none the HBM-II (Table 2 ). In contrast to that, eight painters (4% of the group) showed urinary PCP concentrations above HBM-I, and four painters exceeded HBM-II (2%). Therefore, a small fraction of the painters group was exposed to PCP from other sources than the general environment after the compounds' ban, assumedly at the workplace or possibly from private renovation activities.
After the PCP prohibition in 1989, the exposure to PCP from environmental sources dropped and the reference values for PCP of the general population as set by the German 'Human Biomonitoring Commission' decreased from 15 µg l -1 (13 µg g -1 creatinine) in 1997 to 8 µg l -1 (6 µg g -1 creatinine) in 1999 and to 5 µg l creatinine for men and <1-30 µg g -1 creatinine for women) 13) from an environmental study including 189 men and 212 women. The median concentration and the range of PCP in urine are similar to our findings. Butte et al. (1987) described median PCP-(U) concentrations of 6.1 µg g -1 creatinine for subjects without occupational exposure (range: 2.1-21 µg g -1 creatinine) 14) . From a study including 290 persons with potential PCP exposure from indoor paints and wood preservatives, median PCP-(U) concentrations of 17.5 µg g -1 creatinine (range: 1-1179 µg g -1 creatinine) were reported (Grimm et al. 1986) 15) . In urine samples of 23 workers employed in the wood industry Zober et al. (1997) found an average of 46 µg PCP g -1 creatinine (range: 5-413 µg g -1 creatinine) 16) . In our study such concentrations were only found in a few cases.
The results of the PCP study have shown that • the internal exposure to PCP of painters and bricklayers examined in the time period 1990-1993 was mainly within the range of the general background level at that time.
• In a few cases, a higher internal exposure of painters as compared to bricklayers was seen, which is probably due to a more frequent exposure to residual PCP containing wood preservatives and contaminated construction materials.
